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Smartphone Apps to Support Self-Management of Hypertension:
Review and Content Analysis
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Abstract
%DFNJURXQG +\SHUWHQVLRQLVDZLGHVSUHDGFKURQLFGLVHDVHDQGLWVHIIHFWLYHWUHDWPHQWUHTXLUHVVHOIPDQDJHPHQWE\SDWLHQWV
+HDOWKUHODWHGDSSVSURYLGHDQHIIHFWLYHZD\RIVXSSRUWLQJK\SHUWHQVLRQVHOIPDQDJHPHQW+RZHYHUWKHLQFUHDVLQJUDQJHDQG
YDULHW\RIK\SHUWHQVLRQDSSVDYDLODEOHRQWKHPDUNHWRZLQJWRWKHJOREDOJURZWKLQDSSVFUHDWHVWKHQHHGIRUSDWLHQWVDQGKHDOWK
FDUHSURIHVVLRQDOVWREHLQIRUPHGDERXWWKHHIIHFWLYHQHVVRIWKHVHDSSVDQGWKHOHYHOVRISULYDF\DQGVHFXULW\WKDWWKH\SURYLGH
2EMHFWLYH 7KLVVWXG\DLPHGWRGHVFULEHDQGDVVHVVDOODYDLODEOHDSSVVXSSRUWLQJK\SHUWHQVLRQVHOIPDQDJHPHQWLQWKHPRVW
SRSXODUDSSVWRUHVDQGLQYHVWLJDWHWKHLUIXQFWLRQDOLWLHV
0HWKRGV ,Q-DQXDU\WKH8.$SSOHDQG*RRJOH3OD\VWRUHVZHUHVFDQQHGIRUDOOIUHHDQGSDLGDSSVVXSSRUWLQJK\SHUWHQVLRQ
VHOIPDQDJHPHQW$SSVZHUHLQFOXGHGLIWKH\ZHUHLQ(QJOLVKKDGIXQFWLRQDOLW\VXSSRUWLQJK\SHUWHQVLRQVHOIPDQDJHPHQWDQG
WDUJHWHGDGXOWXVHUVZLWKK\SHUWHQVLRQ7KHLQFOXGHGDSSVZHUHGRZQORDGHGDQGWKHLUIXQFWLRQDOLWLHVZHUHLQYHVWLJDWHG%HKDYLRU
FKDQJHWHFKQLTXHV%&7VOLQNHGZLWKWKHWKHRUHWLFDOGRPDLQIUDPHZRUN7')XQGHUSLQQLQJSRWHQWLDOO\HIIHFWLYHDSSVZHUH
LQGHSHQGHQWO\FRGHGE\WZRUHYLHZHUV7KHGDWDSULYDF\DQGVHFXULW\RIWKHDSSVZHUHDOVRLQGHSHQGHQWO\DVVHVVHG
5HVXOWV $WRWDORIK\SHUWHQVLRQDSSVWKDWPHWWKHLQFOXVLRQFULWHULDZHUHLQFOXGHGLQWKLVUHYLHZ7KHPDMRULW\RIWKHVH
DSSVKDGRQO\RQHIXQFWLRQDOLW\Q ZKLOHWKHUHPDLQGHURIIHUHGGLIIHUHQWFRPELQDWLRQVRIIXQFWLRQDOLWLHV$VPDOOQXPEHU
RIDSSVKDGFRPSUHKHQVLYHIXQFWLRQDOLWLHVQ WKDWDUHOLNHO\WREHPRUHHIIHFWLYHLQVXSSRUWLQJK\SHUWHQVLRQVHOIPDQDJHPHQW
0RVWDSSVODFNHGDFOHDUWKHRUHWLFDOEDVLVDQG%&7VLGHQWLILHGLQWKHVHDSSVZHUHPDSSHGWR7')PHFKDQLVPVRI
DFWLRQV2QDQDYHUDJH%&7VZHUHPDSSHGWR7')PHFKDQLVPVRIDFWLRQVWKDWPD\VXSSRUWK\SHUWHQVLRQVHOIPDQDJHPHQW
EHKDYLRUV7KHUHZDVDFRQFHUQLQJDEVHQFHRIHYLGHQFHUHODWHGWRWKHHIIHFWLYHQHVVDQGXVDELOLW\RIDOODSSVDQGLQYROYHPHQW
RIKHDOWKFDUHSURIHVVLRQDOVLQWKHDSSGHYHORSPHQWSURFHVVZDVPLQLPDO0RVWDSSVGLGQRWPHHWWKHFXUUHQWVWDQGDUGVRIGDWD
VHFXULW\DQGSULYDF\
&RQFOXVLRQV 'HVSLWH WKH ZLGHVSUHDG DFFHVVLELOLW\ DQG DYDLODELOLW\ RI VPDUWSKRQH DSSV ZLWK D UDQJH RI FRPELQDWLRQV RI
IXQFWLRQDOLWLHVWKDWFDQVXSSRUWWKHVHOIPDQDJHPHQWRIK\SHUWHQVLRQRQO\DVPDOOQXPEHURIDSSVDUHOLNHO\WREHHIIHFWLYH0DQ\
DSSVODFNVHFXULW\PHDVXUHVDVZHOODVDFOHDUWKHRUHWLFDOEDVLVDQGGRQRWSURYLGHDQ\HYLGHQFHFRQFHUQLQJWKHLUHIIHFWLYHQHVV
DQGXVDELOLW\7KLVUDLVHVDVHULRXVLVVXHDVKHDOWKSURIHVVLRQDOVDQGWKRVHZLWKK\SHUWHQVLRQKDYHLQVXIILFLHQWLQIRUPDWLRQWR
PDNHGHFLVLRQVRQZKLFKDSSVDUHVDIHDQGHIIHFWLYH
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Introduction 
,QWHUQDWLRQDOO\K\SHUWHQVLRQLVRQHRIWKHPRVWFRPPRQFKURQLF
GLVHDVHVLQDGXOWVDQGLVFRQVLGHUHGRQHRIWKHPDLQULVNIDFWRUV
IRUQXPHURXVGLVHDVHVVXFKDVVWURNHKHDUWGLVHDVHDQGUHQDO
IDLOXUH>@,W LVHVWLPDWHGWKDWDURXQGRQHELOOLRQLQGLYLGXDOV
OLYHZLWKK\SHUWHQVLRQZRUOGZLGHDQGWKHPDMRULW\RISHRSOH
DUH QRW SURILFLHQW DW FRQWUROOLQJ WKHLU EORRG SUHVVXUH %3
WKURXJK PHGLFDWLRQRU OLIHVW\OH FKRLFHV GHVSLWH WKH IDFW WKDW
ORZHULQJ %3 GHFUHDVHV WKH ULVN RI UHQDO DQG FDUGLRYDVFXODU
GLVHDVH >@6HOIPDQDJHPHQW LV FRQVLGHUHG WREHDPRQJ WKH
PRVWHIIHFWLYHPHWKRGVRIFRSLQJZLWKK\SHUWHQVLRQKHOSLQJ
LQGLYLGXDOVZLWKK\SHUWHQVLRQEHPRUHUHVSRQVLEOHIRUWKHLURZQ
KHDOWK>@
7KH UHFHQW HPHUJHQFH RI LQIRUPDWLRQ DQG FRPPXQLFDWLRQ
WHFKQRORJLHV VXFK DV PRELOH KHDOWK VXSSRUWV WKH
VHOIPDQDJHPHQWRIFKURQLFFRQGLWLRQV>@7KHLQFUHDVHLQ
VPDUWSKRQHGHYLFHVRYHUWKHSDVWGHFDGHVKDVEHHQUDSLG%\
LWLVSUHGLFWHGWKDWWKHUHZLOOEHELOOLRQVPDUWSKRQH
XVHUV>@7KLVUDSLGLQFUHDVHRIVPDUWSKRQHXVHUVFRUUHVSRQGV
ZLWK DQ LQFUHDVH LQ KHDOWK DSSV RIIHULQJ KHDOWK VHUYLFHV DQG
LQIRUPDWLRQ>@
0DQ\ DSSV KDYH EHFRPH DYDLODEOH IRU SDWLHQWV ZLWK
K\SHUWHQVLRQDQG WKHLUQXPEHU LV LQFUHDVLQJUDSLGO\>@
7KHPDMRULW\RI WKHVHVPDUWSKRQHDSSVDUHDLPHGDWKHOSLQJ
SHRSOHPDQDJHDQGFRQWUROWKHLUK\SHUWHQVLRQ>@EXWLWLV
FXUUHQWO\ XQFOHDU WR ZKDW H[WHQW WKH HYLGHQFH VXSSRUWV WKHLU
HIIHFWLYHQHVV $ UHFHQW V\VWHPDWLF UHYLHZ RI DSSV DLPHG DW
VXSSRUWLQJ WKH VHOIPDQDJHPHQW RI K\SHUWHQVLRQ IRXQG IHZ
VWXGLHVUHSRUWLQJWKHHIIHFWLYHQHVVRIDSSV>@7KHPDMRULW\
RIWKHDSSVLQWKLVUHYLHZZHUHVWXG\VSHFLILFDQGDUHWKHUHIRUH
QRW DYDLODEOH FRPPHUFLDOO\ LQ WKH DSS VWRUHV 7KH UHYLHZ
FRQFOXGHG WKDW DSSV FRQWDLQLQJ PRUH FRPSUHKHQVLYH
IXQFWLRQDOLWLHVGHILQHGDVWKUHHRUPRUHIXQFWLRQDOLWLHVDUHPRUH
OLNHO\WREHHIIHFWLYHLQORZHULQJ%3>@WKDQDSSVZLWKRQO\
RQHRUWZRIXQFWLRQDOLWLHV
(YHQWKRXJKPDQ\RIWKHDSSVODFNHGHYLGHQFHRIWKHRUHWLFDO
XQGHUSLQQLQJDQH[DPLQDWLRQRIWKHLUIXQFWLRQDOLWLHVUHYHDOHG
UHFRJQL]DEOH HOHPHQWV RI EHKDYLRUDO FKDQJH VWUDWHJLHV >@
6WXGLHVKDYHVKRZQWKDWVHOIPDQDJHPHQWSURJUDPVDUHPRUH
OLNHO\ WR EH HIIHFWLYH LI WKH\ DUH VXSSRUWHG E\ WKHRU\EDVHG
LQWHUYHQWLRQV >@ 7KHRU\ DOORZV LGHQWLILFDWLRQ RI WDUJHW
EHKDYLRUDQGVWUDWHJLHVRIEHKDYLRUDOFKDQJHVQHHGHGWRDFKLHYH
GHVLUDEOHKHDOWKRXWFRPHV+RZHYHUUHVHDUFKKDVUHYHDOHGWKDW
PDQ\FRPPHUFLDOKHDOWKDSSV ODFN WKHRUHWLFDOXQGHUSLQQLQJV
DQGWKHRUHWLFDOO\FRQVLVWHQWXVHRIEHKDYLRUFKDQJHWHFKQLTXHV
%&7V>@,QDGGLWLRQWKHPDMRULW\RIKHDOWKDSSVODFN
SULYDF\DQGVHFXULW\PHDVXUHVWKDWDGHTXDWHO\HQVXUHSURWHFWLRQ
RIXVHUV¶GDWDSRVLQJULVNVWRXVHUFRQILGHQWLDOLW\>@7KLV
LVSUREOHPDWLFDVLWFRPSURPLVHVERWKWKHSHUVRQDOGDWDRIWKH
XVHUDVZHOODVWKHLUWUXVWLQWKHDSS
7KHVHVKRUWFRPLQJVPLJKWOHDGWRVLJQLILFDQWFRQFHUQVDERXW
DSSVKDYLQJOLWWOHWRQREHQHILWRUHYHQSUHVHQWLQJDULVNWRXVHUV
>@ KLJKOLJKWLQJ WKH QHFHVVLW\ RI SURYLGLQJ DGHTXDWH
LQIRUPDWLRQ DERXW WKH HIIHFWLYHQHVV RI WKHVH DSSV DQG WKH
UREXVWQHVVRIWKHLUSULYDF\DQGVHFXULW\IHDWXUHVIRUSDWLHQWVDQG
KHDOWKFDUHSURIHVVLRQDOV$VVXFKWKHVHILQGLQJVLQFUHDVHWKH
LPSRUWDQFH RI FKDUDFWHUL]LQJ DQG LQYHVWLJDWLQJ SRWHQWLDO
WKHRUHWLFDOPHFKDQLVPVRIDFWLRQLQH[LVWLQJFRPPHUFLDODSSV
ZLWK FRPSUHKHQVLYH IXQFWLRQDOLWLHV DV ZHOO DV DVVHVVLQJ WKH
SULYDF\DQGVHFXULW\RIVXFKDSSV$PHWKRGRILQYHVWLJDWLQJ
SRWHQWLDOWKHRUHWLFDOPHFKDQLVPVRIDFWLRQE\JURXSLQJ%&7V
ZLWK WKHRUHWLFDO GRPDLQ IUDPHZRUN 7') PHFKDQLVPV RI
DFWLRQVXVLQJ WKH7')DQG%&77D[RQRP\Y%&77Y
KDVEHHQH[WHQVLYHO\HPSOR\HGWRFKDUDFWHUL]H%&7VLQKHDOWK
LQWHUYHQWLRQV >@ HVSHFLDOO\ WKRVH UHODWLQJ WR FKURQLF
GLVHDVHV
$UHYLHZE\.XPDUHWDO>@VHDUFKHGIRUWKHPRVWGRZQORDGHG
DQGSRSXODUDSSVLQ0D\DQGIRXQGWKHUHDUHPDQ\DSSV
WKDWVXSSRUWWKHVHOIPDQDJHPHQWRIK\SHUWHQVLRQE\RIIHULQJ
VHOIPRQLWRULQJ DFWLYLWLHV IHHGEDFN UHPLQGHUV DQG WDLORUHG
LQIRUPDWLRQ+RZHYHUWKHVHDUFKZDVUHVWULFWHGWRWKHPRVW
SRSXODUDSSVIRUHYHU\VHDUFKWHUPKLJKEORRGSUHVVXUHDQG
K\SHUWHQVLRQRQ WKH WZR VPDUWSKRQHSODWIRUPV$VD UHVXOW
RQO\DSSVZHUHVFUHHQHGH[FOXGLQJPDQ\DSSVWKDWPLJKW
EHVXLWDEOHWRVXSSRUWSHRSOHZLWKK\SHUWHQVLRQLQ WKHLUVHOI
PDQDJHPHQW)XUWKHUPRUH WKLV UHYLHZH[FOXGHG VPDUWSKRQH
DSS±EDVHG %3PHDVXULQJ GHYLFHV DUJXLQJ WKDW WKH\ ODFNHG
DFFXUDF\GHVSLWHHYLGHQFHWKDWVRPHRIWKHVHVSHFLILFGHYLFHV
XVHGIRUPHDVXULQJ%3KDYHEHHQIRXQGWREHDFFXUDWH>@
7KLV VWXG\ KDV UHYLHZHG DOO WKH DYDLODEOH DSSV XSGDWHG RXU
NQRZOHGJHRIQHZDSSVUHODWHGWRK\SHUWHQVLRQDQGGHVFULEHG
WKHLUPDLQIXQFWLRQDOLWLHVDVZHOODVIXQFWLRQDOLW\FRPELQDWLRQV
(YHQ WKRXJK DSSV KDYH QXPHURXV SRWHQWLDO EHQHILWV DQG DUH
XVHGE\DQ LQFUHDVLQJQXPEHURISDWLHQWV WR WKHEHVWRIRXU
NQRZOHGJHQRSUHYLRXVUHYLHZKDVDQDO\]HGDOODYDLODEOHDSSV
FRQVLGHUHGIXQFWLRQDOLW\FRPELQDWLRQVLQFOXGHGDSSVDVVRFLDWHG
ZLWKDFFHVVRU\GHYLFHVFRQVLGHUHGWKHOLQNEHWZHHQ%&7VDQG
WKH7')PHFKDQLVPVRIDFWLRQZKLFKXQGHUSLQWKHSRWHQWLDOO\
HIIHFWLYHDSSVDQGFRQVLGHUHGSULYDF\DQGVHFXULW\DVVHVVPHQW
RIWKHSRWHQWLDOO\HIIHFWLYHDSSV7KHDLPRIWKLVVWXG\ZDVWR
ILOOWKLVNQRZOHGJHJDSE\DGGUHVVLQJWKHVHSRLQWV
Methods
6WXG\'HVLJQ
7KLVVWXG\LVDFRQWHQWDQDO\VLVDQGUHYLHZRIDSSVVXSSRUWLQJ
K\SHUWHQVLRQ VHOIPDQDJHPHQW DYDLODEOH LQ WKH PRVW SRSXODU
DSSVWRUHV7KH4XDOLW\DQG5LVNRI%LDV&KHFNOLVWIRU6WXGLHV
7KDW 5HYLHZ 6PDUWSKRQH $SSOLFDWLRQV >@ ZDV XWLOL]HG WR
HQVXUHWKHDGHTXDWHGHVFULSWLRQRIWKHDSSUHYLHZ¶VPHWKRGV
$SS,GHQWLILFDWLRQ
2YHUYLHZ
,Q-DQXDU\DQHOHFWURQLFVHDUFKRIDSSVZDVXQGHUWDNHQ
RQWKHDSSVWRUHVRIWKHWZRPDMRUW\SHVRIVPDUWSKRQHVLQWKH
8QLWHG .LQJGRP²WKH L3KRQH $SSOH 6WRUH DQG $QGURLG
*RRJOH3OD\7KHVHWZRSODWIRUPVZHUHVHDUFKHGEHFDXVHWKH\
ZHUHWKHZRUOG¶VPRVWXVHGRSHUDWLQJV\VWHPVLQ>@7KH
WHUPV³K\SHUWHQVLRQ´DQG³KLJKEORRGSUHVVXUH´ZHUHVHSDUDWHO\
VHDUFKHG IRU LQ ERWK VWRUHV 7KHUH ZHUH QR UHVWULFWLRQV
FRQFHUQLQJVXEFDWHJRULHVOLNH³KHDOWKDQGZHOOQHVV´
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,QFOXVLRQDQG([FOXVLRQ&ULWHULD
$QDSSZDVLQFOXGHGEDVHGRQWKHIROORZLQJFULWHULD7KH
GHVFULSWLRQZDVZULWWHQLQ(QJOLVKDQG³K\SHUWHQVLRQ´RU³KLJK
EORRG SUHVVXUH´ ZDV LQFOXGHG LQ WKH NH\ZRUGV RU WKH
DFFRPSDQ\LQJ GHVFULSWLRQ  7KH FROOHFWHG GDWD SURYLGHG
IHHGEDFNFRQQHFWHGZLWKKHDOWKFDUHSURIHVVLRQDOVRULQIRUPHG
WKHSDWLHQWDERXWK\SHUWHQVLRQDQGVHOIPDQDJHPHQWWDVNVUHODWHG
WRK\SHUWHQVLRQVXFKWDVNVLQYROYHWKHVHOIPRQLWRULQJRI%3
DQGRWKHUKHDOWKGDWDLQFOXGLQJKHDOWK\GLHWH[HUFLVLQJWDNLQJ
PHGLFDWLRQVPDLQWDLQLQJDQDSSURSULDWHZHLJKWDQGPDQDJLQJ
VWUHVV7KHDSSZDVDLPHGDWDGXOWVLQJHQHUDOUDWKHUWKDQ
KHDOWKFDUHSURYLGHUV+&3VVSHFLILFDOO\%RWKSDLGDQGIUHH
DSSVZHUHFRQVLGHUHGLQWKHVWXG\
$QDSSZDVH[FOXGHGEDVHGRQRQHRIWKHIROORZLQJFULWHULD
LILWZDVQRWWDUJHWHGDWK\SHUWHQVLRQRULILWIRFXVHGVROHO\
RQ K\SHUWHQVLRQ GXULQJ SUHJQDQF\ RU SULPDU\ SUHYHQWLRQ RI
K\SHUWHQVLRQLILWZDVGHVFULEHGLQWKHDSSVWRUHFDWDORJXH
DV D ³SUDQN DSS´ EHFDXVH LW ZDV QRW GHVLJQHG IRU PHGLFDO
SXUSRVHEXWIRUHQWHUWDLQPHQW LI LWZDVQRWGHVLJQHGIRU
JHQHUDOXVHIRUH[DPSOHLI LWRQO\SURYLGHGVHUYLFHVRIIHUHG
E\SDUWLFXODUKRVSLWDOVRUZDVGHVLJQHGRQO\WREHXVHGDVSDUW
RIDVSHFLILFVWXG\DQGLILWGLGQRWUXQSURSHUO\RUUHTXLUHG
LGHQWLILFDWLRQDFFHVVDIWHUGRZQORDGLQJWKHDSSVXFKDVSHUVRQDO
LGHQWLILFDWLRQRUSULPDU\FDUHKRVSLWDOQXPEHU
7KHUHVHDUFKHUVHOHFWHGWKHEDVLFFRPSOHWHO\IXQFWLRQDOYHUVLRQ
RIDQDSSLILWKDGPRUHWKDQRQHYHUVLRQVXFKDVKLJKGHILQLWLRQ
OLWH RU SUR $SSV DSSHDULQJ LQ ERWK VWRUHV ZHUH UDWHG
LQGHSHQGHQWO\WRDFFRXQWIRUGLIIHUHQFHVLQIHDWXUHVVXSSRUWHG
E\ YDULRXV PRELOH RSHUDWLQJ V\VWHPV ,I DQ DSS DSSHDUHG LQ
UHVSRQVHWRVHDUFKHVIRUERWK³K\SHUWHQVLRQ´DQG³KLJKEORRG
SUHVVXUH´E\DSODWIRUPLWZDVLQFOXGHGRQFHQRWWZLFH
6FUHHQLQJDQG6HOHFWLRQRI$SSV
$OODSSV WKDWZHUH LGHQWLILHG WKURXJK WKHVHDUFKDQGPHW WKH
LQFOXVLRQ FULWHULD EDVHG RQ WKHLU WLWOH DQG GHVFULSWLRQ ZHUH
GRZQORDGHGE\WKHUHVHDUFKHU7$RQWRDQL3KRQHUXQQLQJ
L3KRQH RSHUDWLQJ V\VWHP YHUVLRQ  L26 $SSOH ,QF
&XSHUWLQR&$DQG$QGURLG6DPVXQJ*DOD[\6UXQQLQJ
VRIWZDUH6HRXO6RXWK.RUHD7KHDSSVZHUH WKHQVFUHHQHG
IRUDOOH[FOXVLRQDQGLQFOXVLRQFULWHULD,IWKH\PHWWKHFULWHULD
WKH DSSV ZHUH UXQ IRU  GD\V VR WKDW WKH UHVHDUFKHU FRXOG
LQYHVWLJDWHDOOUHPLQGHUVRUQRWLILFDWLRQVWKDWDSSHDUHG'DWDRQ
DOOWKHLQFOXGHGDSSVZHUHFKDUWHG
'DWD$EVWUDFWLRQ
2YHUYLHZ
$EVWUDFWHGGDWDIRUDOOLGHQWLILHGDSSVLQYROYHGWKHQDPHRIWKH
DSS GHYHORSHU YHUVLRQ GDWH SULFH DQG IXQFWLRQV DYDLODEOH
ODQJXDJHVDQGQXPEHURIGRZQORDGV7KHLQYROYHPHQWRIKHDOWK
FDUHSURIHVVLRQDOV HJPHGLFDOKHDOWKFDUHSURIHVVLRQDOVDQG
EHKDYLRUFKDQJHVSHFLDOLVWVZDVGHWHUPLQHGEDVHGRQZKHWKHU
KHDOWKSURIHVVLRQDOVZHUHLQYROYHGLQWKHGHYHORSPHQWRIWKH
DSS DVZHOO DV XVHU LQYROYHPHQWZKLFKZDV LQFOXGHG LQ WKH
GHVFULSWLRQ RQ WKH DSS VWRUH )ROORZLQJ GDWD DEVWUDFWLRQ
SRWHQWLDOO\ HIIHFWLYH DSSV DSSV WKDW ZHUH IRXQG WR KDYH
FRPSUHKHQVLYH IXQFWLRQDOLWLHVZHUH VHOHFWHG DQG FRQVLGHUHG
IRUIXUWKHUDQDO\VLV
)XQFWLRQDOLWLHV
$SSIXQFWLRQDOLWLHVZHUHFDWHJRUL]HGEDVHGRQWKHIXQFWLRQDOLWLHV
RIK\SHUWHQVLRQVHOIPDQDJHPHQWWKDWKDYHEHHQGHWHUPLQHGLQ
VHYHUDOSUHYLRXVVWXGLHVDERXWK\SHUWHQVLRQDSSV>@DQG
H[DPLQHG IRU HIIHFWLYHQHVV LQ VFLHQWLILF WULDOV >@ 7KH
IXQFWLRQDOLWLHV WKDW ZHUH FRQVLGHUHG LQ WKLV VWXG\ DUH
VHOIPRQLWRULQJ JRDO VHWWLQJ UHPLQGHUV HGXFDWLRQDO
LQIRUPDWLRQIHHGEDFNVWUHVVPDQDJHPHQWFRPPXQLFDWLRQZLWK
+&3VDQGRWKHUVDQGH[SRUWRIXVHUV¶GDWDWRRWKHUVYLDHPDLO
$SSV&RQVLGHUHGIRU)XUWKHU$QDO\VLV
$FFRUGLQJ WR $OHVVD HW DO >@ DSSV ZLWK FRPSUHKHQVLYH
IXQFWLRQDOLWLHVDUHPRUHOLNHO\WREHHIIHFWLYH6XFKDSSVZHUH
LGHQWLILHG RQ WKH EDVLV RI WKH SUHVHQFH RI WKUHH RU PRUH
IXQFWLRQDOLWLHVLQFOXGLQJEXWQRWOLPLWHGWRVHOIPRQLWRULQJ
UHPLQGHUVDQGHGXFDWLRQDOLQIRUPDWLRQRUDXWRPDWLFIHHGEDFN
7KHUHIRUHRIWKHDSSVRULJLQDOO\LGHQWLILHGDSSVWKDWZHUHIRXQG
WR KDYH FRPSUHKHQVLYH IXQFWLRQDOLWLHV ZHUH FRQVLGHUHG IRU
IXUWKHUDQDO\VLV7KHVHDSSVZHUHWKHQDQDO\]HGWRDVVHVVWKHLU
SULYDF\VHFXULW\DQGWKHRUHWLFDOXQGHUSLQQLQJ7KLVLVEHFDXVH
WKHRUHWLFDO XQGHUSLQQLQJ DQG SULYDF\ DV ZHOO DV VHFXULW\
PHDVXUHVDUHHVVHQWLDOFULWHULDIRUDSSVWREHXVHGLQKHDOWKFDUH
>@
3ULYDF\DQG6HFXULW\
3ULYDF\DQGVHFXULW\ZHUHDVVHVVHGEDVHGRQWKH2QOLQH7UXVW
$OOLDQFH >@ DQG WKH UHFRPPHQGDWLRQV RI WKH ,QIRUPDWLRQ
&RPPLVVLRQHU¶V2IILFH>@7KHVHUHFRPPHQGDWLRQVFRQVLVW
RIVHYHQTXHVWLRQVH[DPLQLQJWKHDFFHVVLELOLW\DQGDYDLODELOLW\
RIWKHSULYDF\SROLF\WKHSUDFWLFHVRIGDWDVKDULQJDQGFROOHFWLQJ
DQG GDWD VHFXULW\ DV LQWHUSUHWHG LQ WKH SULYDF\ DQG VHFXULW\
VWDWHPHQW 7DEOH  7KHVH DVVHVVPHQW TXHVWLRQV DQG
UHFRPPHQGDWLRQV KDYH DOVR EHHQ SUHYLRXVO\ XVHG WR DVVHVV
SULYDF\DQGVHFXULW\RIH[LVWLQJKHDOWKDSSV>@7KHDVVHVVPHQW
ZDV FRQGXFWHG E\ WZR LQGHSHQGHQW UHYLHZHUV 7$ DQG (+
$Q\GLVFUHSDQFLHVZHUHUHVROYHGE\GLVFXVVLRQZLWKWKHRWKHU
UHVHDUFKHUV/G:DQG06+
7KHRUHWLFDO8QGHUSLQQLQJ
7RLGHQWLI\WKHPHFKDQLVPVRIDFWLRQXQGHUSLQQLQJWKHH[LVWLQJ
DSSVZLWKFRPSUHKHQVLYHIXQFWLRQDOLWLHVWKH%&7Y7D[RQRP\
%&77YZDVXVHGWRFRGHWKHFRQWHQWRIWKHDSSDQGH[WUDFW
WKHQXPEHURI%&7VLQHDFKDSSDQGWKHIUHTXHQF\RIXVHRI
HDFK%&7LQWKHDSSV(DFK%&7ZDVFRGHGZLWK³´DV$EVHQW
RU³´DV3UHVHQW>@7KHFRGLQJZDVXQGHUWDNHQE\WKHWZR
UHYLHZHUV$Q\GLVDJUHHPHQWVZHUHUHVROYHGE\GLVFXVVLRQZLWK
WKHRWKHUUHVHDUFKHUV,QWHUUDWHUUHOLDELOLW\IRUWKHSUHVHQFHRU
DEVHQFHRIWKH%&7VZDVDVVHVVHGE\FDOFXODWLQJ&RKHQNDSSD
IRUHDFKLWHP
7KHSUHVHQW%&7VZHUHWKHQPDSSHGWRPHFKDQLVPVRIDFWLRQ
RI WKH 7') EDVHG RQ VHYHUDO SUHYLRXVO\ SXEOLVKHG H[SHUW
FRQVHQVXVHV OLQNLQJ %&7V WR 7')V GRPDLQV IRU KHDOWK
LQWHUYHQWLRQV DQG WKH DJUHHG MXGJHPHQW FRQVHQVXV RI WKH
VWXG\¶V UHVHDUFKHUV >@7KH OLQNLQJRI%&7V WR7')
ZDVFRQGXFWHG LQGHSHQGHQWO\E\ WKH WZRUHYLHZHUVDQGDQ\
GLVFUHSDQFLHVZHUHUHVROYHGE\GLVFXVVLRQZLWKRWKHUUHVHDUFKHUV
RIWKHVWXG\WHDP7KHILQDOUHVXOWVZHUHWKHQDJUHHGXSRQE\
WKHUHVHDUFKWHDP
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$GGLWLRQDO$VSHFWV
7ZRDGGLWLRQDOFKDUDFWHULVWLFVDVSHFWVIRUWKHVHOHFWHGDSSVZHUH
DOVRGHVFULEHG²86)RRGDQG'UXJ$GPLQLVWUDWLRQ)'$RU
(XURSHDQ8QLRQ&RQIRUPLWH(XURSHHQH&(DSSURYDODQGWKHLU
LQGLYLGXDOXVHUUDWLQJ
6WDWLVWLFDO$QDO\VLV
7KH QXPEHU DQG IUHTXHQF\ RI %&7V DQG 7') XVHG LQ WKH
UHYLHZHGDSSVZHUHVXPPDUL]HGDVWKH6'PHDQDQGPHGLDQ
XVLQJ 0LFURVRIW ([FHO 0LFURVRIW &RUS 5HGPRQG :$
3URSRUWLRQVZHUHDOVRXVHGWRVXPPDUL]HWKHYDULDEOHVLQFOXGLQJ
DSSIXQFWLRQDOLWLHVXVHUUDWLQJVDQGGDWDSULYDF\DQGVHFXULW\
Results
6XPPDU\RI6HDUFK5HVXOWV
7KHVWXG\VWHSVDUHVXPPDUL]HGLQ)LJXUH$VHDUFKRIWKH
WZR DSS VWRUHV \LHOGHG D WRWDO RI  DSSV  LQ $QGURLG
*RRJOH3OD\6WRUHDQGLQL3KRQH$SSOH6WRUH7KHWLWOHV
DQGGHVFULSWLRQVRIWKHVHDSSVZHUHVFUHHQHGIRUHOLJLELOLW\$
WRWDORIDSSVZHUHH[FOXGHGEHFDXVHWKH\GLGQRWPHHWWKH
VSHFLILF LQFOXVLRQ FULWHULD 7KH  UHPDLQLQJ DSSV  LQ
*RRJOH3OD\DQGLQ$SSOH6WRUHZHUHFRQVLGHUHGIRUIXUWKHU
DQDO\VLV LQVWDOOHG 6XEVHTXHQWO\ D WRWDO RI  DSSV  LQ
*RRJOH3OD\DQGLQ$SS6WRUHZHUHH[FOXGHGEHFDXVHRI
UHJLVWUDWLRQSUREOHPVHJUHTXLULQJVSHFLILFLGHQWLILFDWLRQDFFHVV
VXFKDVKRVSLWDORUSULPDU\FDUHLGHQWLILFDWLRQRULQVWDOODWLRQ
IDLOXUH7KHUHPDLQLQJDSSVLQ*RRJOH3OD\DQGLQ
$SS6WRUHZHUHLQFOXGHGLQWKHUHYLHZ
7KHFRVWRIWKHDSSVYDULHG2YHUDTXDUWHURIWKHDSSV
FRVWEHWZHHQWR0RVWDSSVZHUH
IUHHWRGRZQORDG2IWKHDSSVWKDWZHUHIUHHWRGRZQORDG
HLWKHUZHUHWULDOVRIWKHFRPSOHWHDSSRUUHTXLUHGVXEVFULSWLRQ
IHHV$OODSSVQ ZHUHLQ(QJOLVKDOWKRXJKVRPH
DOVRVXSSRUWHGRWKHUODQJXDJHVVXFKDV&KLQHVH*HUPDQDQG
5XVVLDQ
*HQHUDO$SS&KDUDFWHULVWLFV
2IWKHDSSVWKDWPHWWKHVHOHFWLRQFULWHULDPRUHWKDQKDOI
ZHUHDYDLODEOHWKURXJKWKH$QGURLGRSHUDWLQJ
V\VWHP7KHUHPDLQLQJDSSVZHUHDYDLODEOHWKURXJKWKHL3KRQH
RSHUDWLQJV\VWHP2QO\DSSVZHUHIRXQGWR
EHDYDLODEOHRQERWKSODWIRUPV0XOWLPHGLD$SSHQGL[
7KHYHUVLRQGDWHRIWKHUHYLHZHGDSSVUDQJHGIURP)HEUXDU\
 WR )HEUXDU\   $FFRUGLQJ WR WKH QXPEHU RI
GRZQORDGV PRUH WKDQ KDOI RI WKH LQFOXGHG $QGURLG DSSV
  KDG RYHU  GRZQORDGV ,QIRUPDWLRQ RQ WKH
QXPEHURIGRZQORDGVZDVQRWDYDLODEOHIRU$SSOHDSSV
$SSV¶3XUSRVHDQG)XQFWLRQDOLWLHV
$OODSSVFRXOGEHFODVVLILHGDFFRUGLQJWRWKHLUIXQFWLRQDOLWLHV
LQFOXGLQJVWUHVVPDQDJHPHQWFRPPXQLFDWLRQZLWK+&3VDQG
RWKHUVVHOIPRQLWRULQJDELOLWLHVUHPLQGHUVDXWRPDWLFIHHGEDFN
HGXFDWLRQDOLQIRUPDWLRQDQGJRDOVHWWLQJ(DFKDSSKDGDWOHDVW
RQHRIWKHVHIXQFWLRQDOLWLHV0XOWLPHGLD$SSHQGL[
7DEOH VXPPDUL]HVWKHIUHTXHQF\RIIXQFWLRQDOLWLHVDFURVVWKH
LQFOXGHGDSSV7KHPRVWFRPPRQVHOIPDQDJHPHQWIXQFWLRQDOLW\
ZDV HGXFDWLRQDO LQIRUPDWLRQ DERXW K\SHUWHQVLRQ 
(GXFDWLRQDOFRQWHQWYDULHGDFURVVDSSV0RVWLQFOXGHG
EDVLF HGXFDWLRQDO LQIRUPDWLRQRQKLJK%3RU LQIRUPDWLRQRQ
GLHW DQG IRRG HJ GLHWDU\ DSSURDFKHV WR VWRS K\SHUWHQVLRQ
6RPHDSSVFRQWDLQHGJHQHUDOLQIRUPDWLRQRQK\SHUWHQVLRQRU
DOWHUQDWLYH WUHDWPHQWV $OWKRXJK WKH PDMRULW\ RI HGXFDWLRQDO
PDWHULDO ZDV WH[WEDVHG VHYHUDO DSSV FRQWDLQHG YLGHR DQG
LPDJHVWRGHSLFWWKHLUFRQWHQW
7KH VHFRQG PRVW FRPPRQ IXQFWLRQDOLW\ZDV VHOIPRQLWRULQJ
ZKLFKDOORZVXVHUVWRPRQLWRUWKHLU%3DQG
RWKHUGDWDRYHUDSHULRGRIWLPHSUHVHQWHGLQGLIIHUHQWIRUPV
LQFOXGLQJJUDSKVRUWDEOHVDQGWRVHHDQRYHUYLHZ7KHPDMRULW\
RI WKHVHDSSVQ DLGHG%3WUDFNLQJZKLOHVRPHRI WKHP
DOVR VXSSRUWHG WKH VHOIPRQLWRULQJ RI RWKHU GDWD FRQFHUQLQJ
PHGLFDWLRQQXWULWLRQSK\VLFDODFWLYLW\ZHLJKWDQGHPRWLRQV
$ IHZ DSSV Q  RQO\ IRFXVHG RQ WUDFNLQJ PHGLFDWLRQ
FRPSOLDQFHSRWDVVLXPLQWDNHRUVRGLXPLQWDNH6HYHQRIWKHVH
DSSV UHFHLYHG %3 UHDGLQJV DXWRPDWLFDOO\ IURP WKH %3
PHDVXUHPHQWGHYLFHEXWGRQRWSURYLGHDPDQXDOHQWU\IXQFWLRQ
2IWKHUHPDLQLQJDSSVQHFHVVLWDWHGPDQXDOHQWU\RI%3
GDWDDQGDOORZHGERWKPDQXDODQGDXWRPDWLFGDWDWUDQVIHU
1RWDEO\DIHZDSSVFODLPHGWKDWWKH\WXUQWKH
VPDUWSKRQHLQWRDGHYLFHFDSDEOHRIUHFRUGLQJ%3GDWD7KLV
ZDVSUHVXPDEO\DFKLHYHGE\XVLQJD³FXIIOHVV WHFKQLTXH´ LQ
ZKLFKWKHXVHUSXWVDILQJHURYHUWKHFDPHUDRIWKHLUVPDUWSKRQH
'HVSLWHPRVWRIWKHVHDSSVFODLPLQJWRPHDVXUH%3WKH\GLG
QRWUHSRUWDQ\HYLGHQFHRIWKHLUUHOLDELOLW\DQGYDOLGLW\
7KH WKLUG PRVW FRPPRQ IXQFWLRQDOLW\ ZDV WKH SURYLVLRQ RI
DXWRPDWLFIHHGEDFN7KLVIHHGEDFNZDVSURYLGHG
WRXVHUV LQGLIIHUHQWZD\V HLWKHU WKURXJK VHOIFDUHPHVVDJHV
DQGQRWLILFDWLRQVRUE\UHSUHVHQWLQJGDWDLQGLVWLQFWFRORUFRGHV
WRLQIRUPWKHXVHURIZKHWKHUPHDVXUHPHQWVKDYHGLYHUJHGIURP
WKHDYHUDJHOHYHO
2QHILIWK RI WKH DSSV   KDG D IXQFWLRQDOLW\ WR
UHPLQG XVHUV DERXW %3 PHDVXUHPHQWV WKHLU KRVSLWDO
DSSRLQWPHQWV WKHLU PHGLFDWLRQ WLPHV DQG SHUVRQDO JRDOV
&HUWDLQDSSV  LQFOXGHG%3JRDOVHWWLQJDQGD
IHZDOVRHQDEOHGWKHXVHUWRVHWRWKHUJRDOVVXFKDVEORRGJOXFRVH
OHYHOVZHLJKWDQGSK\VLFDODFWLYLW\$IHZDSSV
SURYLGHGDWRROIRUFRPPXQLFDWLRQZLWKRWKHUVLQFOXGLQJ+&3V
RUIULHQGVWKURXJKWH[WPHVVDJLQJFKDWVRUYLUWXDOPHHWLQJV
ZLWK FRDFKHV )LYH DSSV  DOVR VXSSRUWHG VWUHVV
PDQDJHPHQWE\SURYLGLQJUHOD[DWLRQWLSVRURWKHUWKHUDSLHV
$URXQGRQHIRXUWKRIWKHDSSVDOORZHGXVHUV
WRH[SRUWWKHLUHQWHUHGGDWDRYHUWLPHGLUHFWO\WRRWKHUVLQFOXGLQJ
SK\VLFLDQVYLDHPDLODQGRWKHUDSSVVXFKDV³:KDWV$SS´WKXV
IDFLOLWDWLQJSDWLHQWSK\VLFLDQFRPPXQLFDWLRQ
$VVKRZQLQ7DEOHWKHPDMRULW\RIWKHDSSVQ LQFOXGHG
RQO\RQHIXQFWLRQDOLW\VXFKDVHGXFDWLRQDOLQIRUPDWLRQQ 
VHOIPRQLWRULQJQ RU VWUHVVPDQDJHPHQW Q $OPRVW
RQHIRXUWK   RI WKH DSSV FRPELQHG WZR
IXQFWLRQDOLWLHVZKLOHDVPDOOQXPEHURIDSSV
LQFOXGHG FRPSUHKHQVLYH IXQFWLRQDOLWLHV LH WKUHH RU PRUH
IXQFWLRQDOLWLHV1RQHRIWKHDSSVLQFOXGHGDOODEVWUDFWHG
IXQFWLRQDOLWLHV 7KLUW\ RI WKHVH DSSV LQFOXGHG DPRQJ RWKHU
IXQFWLRQDOLWLHVVHOIPRQLWRULQJDQGUHPLQGHUVZLWKHGXFDWLRQDO
LQIRUPDWLRQDXWRPDWLFIHHGEDFN
RUERWK
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7KHPRVWFRPPRQ7')PHFKDQLVPVRIDFWLRQZHUH³%HKDYLRU
UHJXODWLRQ´³.QRZOHGJH´³*RDOV¶
³0HPRU\DWWHQWLRQDQGGHFLVLRQSURFHVV´
DQG³%HOLHIVDERXWFRQVHTXHQFHV´ZKLFK
ZHUH SUHVHQW LQ DOO VWXGLHG DSSV 7KH ³%HKDYLRU UHJXODWLRQ´
PHFKDQLVP RI DFWLRQ ZDV W\SLFDOO\ WDUJHWHG E\ WKH
³6HOIPRQLWRULQJ RI EHKDYLRU´ DQG ³6HOIPRQLWRULQJ RI
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RXWFRPHVRIEHKDYLRU´%&7VZKLOH³.QRZOHGJH´ZDVPRVWO\
WDUJHWHGE\³)HHGEDFNRQRXWFRPHVRIEHKDYLRU´³,QVWUXFWLRQ
RQKRZ WRSHUIRUP WKHEHKDYLRU´ ³,QIRUPDWLRQDERXWKHDOWK
FRQVHTXHQFHV´DQG³)HHGEDFNRQEHKDYLRU´7KH³*RDOV´DQG
³0HPRU\DWWHQWLRQDQGGHFLVLRQSURFHVV´ZHUHPRVWO\WDUJHWHG
XVLQJ³$FWLRQSODQQLQJ´DQG³3URPSWVFXHV´%&7VUHVSHFWLYHO\
7KHQH[WPRVWFRPPRQPHFKDQLVPVRIDFWLRQLGHQWLILHGZHUH
³%HOLHIVDERXWFDSDELOLWLHV´ZKLFKZDVPRVWO\WDUJHWHG
XVLQJ%&7V³3UREOHPVROYLQJ´³)RFXVRQSDVWVXFFHVV´DQG
³6RFLDO LQFHQWLYH´ $OPRVW RQHWKLUG RI WKH DSSV  KDG
³6NLOOV´DVDPHFKDQLVPRIDFWLRQZKLFKZDVPRVWO\WDUJHWHG
XVLQJ³3UREOHPVROYLQJ´DQG³'HPRQVWUDWLRQRIWKHEHKDYLRU´
³6RFLDO LQIOXHQFHV´   ZDV DQ LQIUHTXHQWO\ XVHG
PHFKDQLVP RI DFWLRQ 7KH OHDVW FRPPRQ PHFKDQLVPV ZHUH
³5HLQIRUFHPHQW´DQG³(PRWLRQ´ZKLFK
ZHUH SUHVHQW LQ RQO\ WKUHH DSSV 7KH PHFKDQLVPV RI DFWLRQ
³,QWHQWLRQ´³2SWLPLVP´³3URIHVVLRQDOUROHDQGLGHQWLW\´DQG
³(QYLURQPHQWDOFRQWH[WDQGUHVRXUFHV´ZHUHQRWSUHVHQWHGLQ
DQ\DSS
$GGLWLRQDO$VSHFWV
1RQHRIWKHDSSVZHUH)'$RU&$DSSURYHG(LJKWHHQDSSV
 ZHUH IRXQG WR KDYH LQIRUPDWLRQ DYDLODEOH FRQFHUQLQJ
WKHLUXVHUUDWLQJ2IWKHVHDSSVVFRUHGRUPRUH
VWDUV RI  2QO\   DSS UDWLQJV ZHUH EHORZ 
0XOWLPHGLD$SSHQGL[
Discussion
3ULQFLSDO)LQGLQJV
7KLVVWXG\DLPHGWRUHYLHZDOODSSVGHYHORSHGWRVXSSRUWWKH
VHOIPDQDJHPHQWRIK\SHUWHQVLRQZKLFKDUHDYDLODEOHRQWKH
WZRPRVWSRSXODUDSSVWRUHV*RRJOH3OD\$QGURLGDQG$SSOH
6WRUHL3KRQH
7KHUHYLHZVKRZHGWKDWDVLJQLILFDQWQXPEHURIDSSVQ 
DUHDYDLODEOHWRVXSSRUWWKHVHOIPDQDJHPHQWRIK\SHUWHQVLRQ
7KHVHDSSVKDGVLPLODUIXQFWLRQDOLWLHVDOWKRXJKWKH\GLIIHUHG
LQ WHUPVRI WKH FRPELQDWLRQRI IXQFWLRQDOLWLHVSURYLGHG7KH
PDMRULW\RIWKHVHDSSVKDGRQO\RQHIXQFWLRQQ 
ZKLOH WKH UHPDLQLQJ RIIHUHG GLIIHUHQW FRPELQDWLRQV RI
IXQFWLRQDOLWLHV7KLVUHYLHZLQGLFDWHGWKDWWKHUHZHUHIHZDSSV
ZLWKFRPSUHKHQVLYHIXQFWLRQDOLWLHV$SSVZLWKFRPSUHKHQVLYH
IXQFWLRQDOLWLHVDUHSRWHQWLDOO\PRUHHIIHFWLYH>@
7KHUHDUHDOVRVHULRXVLVVXHVUHJDUGLQJWKHSULYDF\DQGVHFXULW\
RIWKHDSSVDQGLQFRQVLVWHQFLHVLQDSSV¶WKHRUHWLFDOXQGHUSLQQLQJ
ZKHUHLQPDQ\FDVHVDSSVZHUHGHYHORSHGZLWKRXWDQH[SOLFLWO\
FOHDUWKHRUHWLFDOEDVLV7KHHYDOXDWLRQRIWKHVHOHFWHGDSSV¶GDWD
VHFXULW\DQGSULYDF\UHYHDOHGWKDWWKHSULYDF\SROLF\ZDVQRW
DYDLODEOH IRU  RI WKH DSSV DVVHVVHG LQ GHWDLO 0RVW DSSV
JDWKHUHG LGHQWLILDEOH SHUVRQDO LQIRUPDWLRQ DQG HQJDJHG LQ
VKDULQJ XVHU GDWD ZLWK WKLUG SDUWLHV DQG DOPRVW KDOI RI WKH
VHOHFWHGDSSVGLGVRZLWKRXWFOHDUO\GLVFORVLQJKRZGDWD
VHFXULW\ ZDV HQVXUHG 7KH HYDOXDWLRQ RI WKH WKHRUHWLFDO
XQGHUSLQQLQJRIDSSVUHYHDOHGWKDWDWRWDORI%&7VUDQJLQJ
IURPWRZLWKPHGLDQRILGHQWLILHGLQWKHUHYLHZHG
DSSVPDSSHGWR7')PHFKDQLVPRIDFWLRQVUDQJLQJIURP
WR ZLWKDPHGLDQRIPD\KDYHVXSSRUWHGK\SHUWHQVLRQ
VHOIPDQDJHPHQW EHKDYLRUV 7KHVH ILQGLQJV DUH VLPLODU WR
UHYLHZV RI DSSV UHODWHG WR RWKHU FKURQLF GLVHDVHV WKDW KDYH
UHSRUWHG WKDW IHZ DSSV FRQWDLQ ERWK FRPSUHKHQVLYH
IXQFWLRQDOLWLHV>@DQGLQFRQVLVWHQW%&7V>@'HVSLWH
PXFK UHVHDUFK WKDW FRGH %&7V XQGHUSLQQLQJ KHDOWK DSSV
>@ WKHUH LV OLWWOH UHVHDUFK UHYLHZLQJKRZH[LVWLQJ
DSSVPDS%&7VWR7')GRPDLQV7KHOLQNLQJRI%&7VWR7')
FRQGXFWHG LQ WKH SUHVHQW VWXG\ PD\ KHOS GHYHORSHUV DQG
UHVHDUFKHUV LQ VHOHFWLQJ DSSURSULDWH %&7V ZKHQ GHYHORSLQJ
DSSV,WPD\DOVRKHOSUHVHDUFKHUVXQGHUVWDQGZKLFK%&7VDUH
HIIHFWLYHDQGKRZWKH\H[HUWWKHLUHIIHFWV>@
1RQHRIWKHUHYLHZHGDSSVPDGHFODLPVEDVHGRQEHKDYLRUDO
WKHRULHV RU VWUDWHJLHV UHODWLQJ WR YDULRXV VHOIPDQDJHPHQW
LQWHUYHQWLRQVDOWKRXJKVHOIPDQDJHPHQWSURJUDPVDUH OLNHO\
WR EH HIIHFWLYH LI WKH\ DUH VXSSRUWHG E\ WKHRU\EDVHG
LQWHUYHQWLRQV >@ 7KLV PD\ EH EHFDXVH WKH H[SHUWLVH RI
KHDOWKSURIHVVLRQDOVZDVQRWIDFWRUHGLQWRWKHGHYHORSPHQWRI
WKH PDMRULW\ RI WKHVH DSSV >@ GHVSLWH WKH VWUHVVHG
LPSRUWDQFH RI LQYROYLQJ PXOWLGLVFLSOLQDU\ SHUVSHFWLYHV DQG
VNLOOV LQ GHYHORSLQJ D SURGXFW ZLWKLQ D XVHUFHQWHU GHVLJQ
IUDPHZRUN >@ +RZHYHU IRU WKH  UHYLHZHG DSSV ZLWK
FRPSUHKHQVLYHIXQFWLRQDOLWLHVWKHH[DPLQDWLRQRIWKH%&7DQG
7')GRPDLQVXQGHUSLQQLQJWKHPVKRZVWKDWDQXPEHURI%&7V
DQG7')PHFKDQLVPVRIDFWLRQZHUHSUHVHQW7KHUHLVVWLOOQR
FRQFOXVLYHHYLGHQFHIRUZKLFKFRPELQDWLRQVRI%&7VRU7')V
DUH WKH NH\ PRGHUDWRUV IRU HIIHFWLYH FKURQLF GLVHDVH
VHOIPDQDJHPHQWHVSHFLDOO\K\SHUWHQVLRQ>@7KLV LV
DQDUHDWKDWUHTXLUHVIXUWKHUUHVHDUFK+RZHYHUDOOSUHVHQW7')V
LQWKHVHDSSVKDYHWKHSRWHQWLDOWRVWLPXODWHK\SHUWHQVLRQ
VHOIPDQDJHPHQW DFWLYLWLHV WKURXJK GLIIHUHQW PHFKDQLVPV RI
DFWLRQ SDUWLFXODUO\ WKRVH RI ³%HKDYLRU UHJXODWLRQ´
³.QRZOHGJH´³0HPRU\DWWHQWLRQDQGGHFLVLRQSURFHVVHV´DQG
³*RDOV´7KHVHPHFKDQLVPVRIDFWLRQDUHVXSSRUWHGE\VWXGLHV
LGHQWLI\LQJ WKHNH\7')GRPDLQV WKDWQHHG WREH WDUJHWHG WR
LQIOXHQFH SDWLHQW EHKDYLRUV DQG VXSSRUW VHOIPDQDJHPHQW LQ
FKURQLFGLVHDVHV>@$OWKRXJKRWKHUVWXGLHVKDYHDOVRIRXQG
WKDW ³6NLOOV´ ³(PRWLRQV´ ³5HLQIRUFHPHQW´ DQG ³%HOLHI RI
FDSDELOLWLHV´ DUH HVVHQWLDO WR LQFUHDVH SHRSOH¶V PRWLYDWLRQ LQ
PDQDJLQJWKHLUKHDOWKPDQ\RIWKHUHYLHZHGDSSVODFNWKHVH
FKDUDFWHULVWLFV>@
7KHHYDOXDWLRQRIWKHSULYDF\SROLF\VKRZHGWKDWWKHVHFXULW\
DQGSULYDF\RIFRQVXPHUVFRXOGEHVXEVWDQWLDOO\LPSURYHG2XU
ILQGLQJVDUH LQDFFRUGZLWK WKRVHRIHDUOLHUVWXGLHV WKDWKDYH
HYDOXDWHG GDWD VHFXULW\ DQG VDIHW\ RI H[LVWLQJ DSSV >@
+XFNYDOHHWDOUHYHDOHGWKDWRQHILIWKRIDSSVLQWKH1DWLRQDO
+HDOWK6HUYLFH$SSV/LEUDU\ODFNHGSULYDF\SROLFLHVDQGWKH
PDMRULW\RIWKHDSSVYLRODWHGXVHUGDWDSULYDF\DQGVHFXULW\>@
3UDFWLFHVRIGDWDJDWKHULQJDQGDQDO\VLVE\DSSGHYHORSHUVFDQ
EH DGYDQWDJHRXV WR XVHUV SURYLGLQJ JUHDWHU OHYHOV RI
SHUVRQDOL]DWLRQ DQG GDWDLQIRUPHG LPSURYHPHQWV WR WKH DSS
+RZHYHUVXFKSUDFWLFHVRIGDWDJDWKHULQJVKRXOGEHGLVFORVHG
FOHDUO\VRWKDWDSRWHQWLDOXVHULVDZDUHRIWKHSRVVLEOHULVNVWR
WKHLUGDWDVHFXULW\>@7RHQVXUHXVHUVDUHDEOHWRPDNHIXOO\
LQIRUPHGGHFLVLRQVWKH\PXVWEHHTXLSSHGZLWKWKHVNLOOVDQG
LQIRUPDWLRQQHFHVVDU\WRVFUXWLQL]HWKHVHSULYDF\DQGVHFXULW\
SROLFLHV %HFDXVH RI WKH ODUJH VFDOH RI WKH DSS PDUNHW WKH
UHJXODWLRQDQGSUHVHUYDWLRQRIGDWDSURWHFWLRQLVGLIILFXOW$VD
UHVXOWWKHPDQDJHPHQWRIGDWDSULYDF\DQGVHFXULW\LVHQWUXVWHG
WRWKHGHYHORSHUVRIDSSV>@
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7KLVUHYLHZLGHQWLILHGDVPDOOQXPEHURIDSSVWKDWDUHDEOHWR
XVH VPDUWSKRQHV DV D PHGLFDO GHYLFH FXIIOHVV GHYLFH WR
PHDVXUH%3+RZHYHUQRQHRIWKHVHDSSVZHUHDSSURYHGDVD
YDOLGDWHG PHGLFDO GHYLFH ,QGHHG FXIIOHVV GHYLFHV IRU
PHDVXULQJ%3EDVHGRQVPDUWSKRQHDSSVKDYHUHFHQWO\EHHQ
VKRZQ WR EH KLJKO\ LQDFFXUDWH DQG XQIHDVLEOH >@ DQG PD\
QHJDWLYHO\DIIHFWSDWLHQWV¶KHDOWKDQGVDIHW\7KLVLVRISDUWLFXODU
FRQFHUQVLQFHDUHFHQWVWXG\E\.XPDUHWDOIRXQGWKDW
HYHQWKRXJKRQO\DVPDOOQXPEHURIDSSVKDYHWKLVIHDWXUHXVHUV
KDYHDVWURQJLQFOLQDWLRQWRGRZQORDGDQGIDYRUDEO\UDWHWKHVH
W\SHVRIDSSV>@7KLVKLJKOLJKWVWKHQHHGIRUH[WHQVLYHFOLQLFDO
YDOLGDWLRQVWXGLHVLQGLIIHUHQWSDWLHQWSRSXODWLRQVEHIRUHVXFK
WHFKQRORJ\ LVXVHG LQFRPPHUFLDODQGFOLQLFDOFDSDFLWLHV$V
VXFKSK\VLFLDQVVKRXOGFXUUHQWO\EHDZDUHRIWKHXVHRIVXFK
DSSV E\ WKHLU SDWLHQWV DQG VKRXOG SURPRWH RQO\ WKH XVH RI
YDOLGDWHGGHYLFHVIRU%3PHDVXUHPHQW
$SSVZLWKPRUHFRPSUHKHQVLYHIXQFWLRQDOLWLHVKDYHWKHSRWHQWLDO
WREHPRUHGLIILFXOWIRUSDWLHQWVWRXVH7KLVVWXG\IRXQGWKDW
WKHUHZDVDQDEVHQFHRIHYLGHQFHFRQFHUQLQJWKHXVDELOLW\RI
WKHDSSVLQWKHDSSV¶GHVFULSWLRQV$OWKRXJKWKLVVWXG\GLGQRW
GLUHFWO\HYDOXDWHWKHDSSV¶XVDELOLW\XVHUUDWLQJVZHUHXVHGDV
DSUR[\RIWKHDSSV¶XVDELOLW\7KHXVHIXOQHVVRIXVHUUDWLQJVDV
D PHDVXUH RI DSSV¶ WHFKQLFDO XVDELOLW\ LV TXHVWLRQDEOH ,Q D
UHYLHZ RI PRELOH DSSV IRU WKH VHOIPDQDJHPHQW RI GLDEHWHV
+RRGHWDO>@IRXQGWKDWWKHXVHUUDWLQJZDVSRRUO\FRUUHODWHG
ZLWKWKHUHVXOWVRIWKHVWXG\¶VXVDELOLW\HYDOXDWLRQ+RZHYHU
LQDJHQHUDOVDPSOHRIKHDOWKDSSV0HQGLRODHWDOIRXQGWKDW
XVHU UDWLQJV FRXOG EH UHODWHG WR DQ DSS¶V WHFKQLFDO XVDELOLW\
UHJDUGLQJDVSHFWVVXFKDVOD\RXWLQWHUDFWLYHIHDWXUHVDQGJHQHUDO
HDVHRIXVH>@7KHXVHUUDWLQJVIRUWKHDSSVFRQVLGHUHGLQWKLV
VWXG\ZHUHKLJKZLWKREWDLQLQJRUPRUHVWDUV7KLVLVLQ
OLQHZLWKSUHYLRXVVWXGLHV>@ZKHUHSDUWLFLSDQWVUHSRUWHG
WKDWWKH\ZHUHVDWLVILHGZLWKDSSVWKDWLQFOXGHFRPSUHKHQVLYH
IXQFWLRQDOLWLHVILQGLQJWKHPHDV\WRXVH
7KHPDMRULW\RIDSSVLGHQWLILHGLQWKHUHFHQWV\VWHPDWLFUHYLHZ
RI$OHVVDHWDO>@ZHUHVWXG\VSHFLILFWKDWLVGHYHORSHGIRU
WKHDLPVRIWKHVWXG\DORQH>@+RZHYHUWKHDSSVFRQVLGHUHG
LQWKLVUHYLHZZHUHFRPPHUFLDOO\DYDLODEOHDSSVLQDSSVWRUHV
7KH GHVFULSWLRQV RI WKHVH DSSV ODFNHG HYLGHQFH DERXW WKHLU
HIIHFWLYHQHVV DQG GLG QRW HYHQ PHQWLRQ RU FRQVLGHU WKH
LPSRUWDQFHRIVXFKHYLGHQFH1RQHRIWKHPZHUHDSSURYHGE\
WKH)'$RU&(DVDPHGLFDOGHYLFH7KLVLVLQOLQHZLWKSUHYLRXV
UHYLHZVZKLFKUHSRUWHGWKDWWKHUDSLGJURZWKRIWKHFRPPHUFLDO
PDUNHWIRUVXFKDSSVKDVFUHDWHGDQRYHUDEXQGDQFHRIDSSVWKDW
ODFNUHDGLO\DYDLODEOHHYLGHQFHRIWKHLUHIIHFWLYHQHVV>@DQG
ODFN)'$RU&(DSSURYDO>@$SSO\LQJWKHILQGLQJVRIWKLV
UHFHQWV\VWHPDWLFUHYLHZZLWKLQWKLVUHYLHZRIFRPPHUFLDODSSV
LQGLFDWHGWKDWIHZDSSVVHHPWRKDYHWKHSRWHQWLDOWR
EH HIIHFWLYH$SSV WKDWKDYH WKLVSRWHQWLDOZRXOGQHHG WREH
VFLHQWLILFDOO\ HYDOXDWHG WR HQVXUH WKDW WKLV SRWHQWLDO IRU
HIIHFWLYHQHVVDQGXVDELOLW\LVUHDOL]HGLQSUDFWLFH7KLVLQGLFDWHV
D FULWLFDO JDS EHWZHHQ WKH UHVHDUFK GRPDLQ DQG WKH ZRUN RI
FRPPHUFLDO DSS GHYHORSHUV HPSKDVL]LQJ WKH LPSRUWDQFH RI
FRRSHUDWLRQEHWZHHQWKHP
/LPLWDWLRQVDQG6WUHQJWKVRIWKH6WXG\
7KLVUHYLHZKDVDQXPEHURIOLPLWDWLRQV)LUVWWKHUHYLHZRQO\
LQFOXGHG DSSV WKDW ZHUH GHYHORSHG WR EH XVHG E\
(QJOLVKVSHDNLQJXVHUVH[FOXGLQJDSSVLQRWKHUODQJXDJHVVXFK
DV &KLQHVH 6HFRQG VLQFH WKHVH DSSV DUH WDLORUHG IRU WKH
VHOIPDQDJHPHQWRIK\SHUWHQVLRQWKH\VXSSRUWDZLGHUDQJHRI
GLIIHUHQWEHKDYLRUVVXFKDVPHGLFDWLRQDGKHUHQFHZHLJKWGLHW
DQGSK\VLFDODFWLYLW\LQDGGLWLRQWRWKHVHOIPRQLWRULQJRI%3
ZKLFKPDNHVLWFKDOOHQJLQJWRFRGHWKHPDFFRUGLQJWRDVLQJOH
VSHFLILF EHKDYLRU DQG H[FOXGH RWKHU EHKDYLRUV 7KLV PD\ EH
DWWULEXWHGWR WKHFRPSOH[LW\RI WKHVHOIPDQDJHPHQWSURFHVV
ZKLFK HQFRPSDVVHV DQ DUUD\ RI EHKDYLRUV DQG DFWLYLWLHV WR
HIIHFWLYHO\ FRQWURO %3 7KLUG WKLV VWXG\ H[FOXGHG DSSV WKDW
UHTXLUH LGHQWLILFDWLRQ DFFHVV 0RUHRYHU WKH FRQWHQW RI
HGXFDWLRQDOLQIRUPDWLRQRILQFOXGHGDSSVZDVQRWFKHFNHGWR
HQVXUH WKH\ ZHUH XS WR GDWH DQG PHW PHGLFDO VWDQGDUGV DQG
KHDOWK OLWHUDF\ JXLGHOLQHV )LQDOO\ GDWD SULYDF\ DQG VHFXULW\
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